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ABSTRACT

Pd-carbene catalyst
R ’ .
e -/

NaOAc
The Heck reaction of aryl chlorides was investigated in the presence of defined monocarbenepalladium(0) complexes. Activated and nonactivated
aryl chlorides provide the corresponding cinnamic esters and stilbenes in "Bu,NBr as a ionic liquid in good to excellent yields.
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Palladium-catalyzed coupling reactions of aryl chlorides are chlorides. Hence, we and other research grédpseloped

of general interest for the synthesis of organic building blocks more active palladium catalysts based on sterically hindered
and pharmaceutical and agrochemical derivatives. In additionbasic phosphine ligands for aryl chloride activation. In this
to small-scale applications (froml to 100 g), there is an  respect, we were the first to introduce diadamantylalkylphos-
increasing awareness of this type of reaction for industrial phines as ligands for various coupling reactions with aryl
fine chemical synthesis (from 1 t8100 t/a)! Regarding chlorides? In addition, we also demonstrated that basic
the availability and the economic viability, aryl chlorides are chelating phosphines based on the ferrocene core allow
the most attractive starting materials among the different aryl carbonylation reactions of nonactivated chloroarénes.
halides. To develop palladium-catalyzed coupling reactions

of aryl chlorides to a practical level, we started, some time
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and robust palladium catalysts for Heck and Suzuki coupling
reactions of activated aryl chlorides with high turnover
numbers. However, the catalyst activity is not sufficient to
allow an efficient activation of neutral and electron-rich aryl
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s by reacting 1 equiv of 1,3-dimesitylimidazol-2-ylidene with
Scheme 1. Pd-Catalyzed Heck Reaction of Aryl Chiorides  (n@phthoquinone)Pd(cod)in tetrahydrofuran medium at
with Styrene —78 °C. In addition, (1,3-dimesitylimidazol-2-ylidene)-

i (benzoquinone)palladium(@was synthesized in a similar
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Table 1. Pd-Catalyzed Heck Reaction of Aryl Chlorides
Pd temp  conversion yield 1 2

entry R?! R2 catalyst  (°C) (%) (%)

1 H H 1 140 23 14 Having prepared the monocarbenepalladium(0) complexes

2 H H 2 140 69 62 1—3, we tested the catalytic activity of these complexes for

i : E 2 igg ;(1) 3; the Heck reactiolt of aryl chlorides with styrene (Scheme

5 H H 3 160 83 67 1, Table 1) and an acrylic ester, respectively (Scheme 2,

6 H NO, 2 140 100 92 Table 2)** Some preliminary experiments usiigh common

7 H NO; 3 140 100 88

8 H COCHs; 2 140 100 96

9 H COCHj 3 140 100 97 . :

10 H CFs 2 140 88 86 Scheme 2. Pd-Catalyzed Heck Reaction of Aryl Chlorides

11 H CF3 3 140 93 84 with 2-Ethylhexyl Acrylate

12 CN H 2 140 100 94 cl

B

13 CN H 3 140 100 99 Ry o \)\U Pd catalyst

14 H Me 3 140 40 39 + /Y Bt 5

15 H Me 3 160 65 62 o BuyNBr, NaOAc

Ry

Recently, we became interested in the use of carbene Ry o]
ligands for p_alladium-catalyzed reactions. _In the past few = O/\rBU
years, palladium carbene complexes were increasingly used Et

as catalysts for Heck, Suzuki, and Sonogashira reactions,
copolymerizations, and aminations of aryl halidetn
general, mixtures of imidazolium salts and palladium salts
have been used as precatalysts for these reactions. We beIiev1eab| e 2. Heck Arylation of 2-Ethylhexyl Acrylate ifBuNBr
that it is advantageous to use defined palladium(0) carbene

complexes, which directly lead to the active palladium(0) catalyst temp time conversion yield
complexes without side reactions. In principle, this will allow &Y R R (mol%) (C) () (%) 0
a more efficient use of the actual catalyst. Despite the 1 CN H 2(05 140 24 100 99
increasing use of palladium carbene complexes, there are 2 CN H 3(05) 140 24 100 97
only a few examples of well-defined palladium(0) car- 3 H NO.  2(05 140 24 100 98
bene complexes knowhOf special interest to palladium g : ggéH 383 iig ;i igg gg
catalysis would be monocarbenepalladium(0) complexes, o |, COCHz 305 140 24 100 99
which can generate a highly reactive 12e-palladium species. 7 H cF, 2(05) 140 24 98 90
So far, there are only two monocarbenepalladium(0) com- 8 H COCHs 2(0.5) 140 4 99 98
plexes,1 and 2, without additional strongly coordinating 9 H COCHs; 2(02) 140 24 100 99
phosphine ligands structurally characterized. We thought that 10 H COCHs 2(0.1) 140 24 61 51
complexes1 and 2 constitute interesting catalysts for 11 H ~COCH; 2(0.1) 140 48 84 4
coupling reactions of aryl chlorides. Hence, we prepared ig E 882:3 358'35,) iig gj 2(2) 4;
1,3-dimesitylimidazol-2-ylidene-palladium(047?)-1,1,3,3- u u o 2 (1) 140 48 82 0
tetramethyl-1,3-divinyl disiloxan&® by reacting palladium(0)- 15 H CHs 2 (1) 140 48 48 32

diallyl ether complex (Pddae})® with 1,3-dimesitylimidazol-
2-ylidene in the presence of an excess of 1,1,3,3-tetramethyl-

1,3-divinyl-disiloxan€e'® The synthesis of (1,3-dimesityl- dipolar aprotic solvents such as DMAc in the presence of
imidazol-2-ylidene)(naphthoquinone)palladium?d¥ achieved different bases (GE€0;, KsPOy,, NaOAcC) have shown that
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only moderate conversions and selectivities could be obtainedthe catalytic reactions. Activated aryl chlorides such as
with activated chloroarenes. A screening of various reaction 4-chloronitrobenzene, 2-chlorobenzonitrile, and 4-chloro-
conditions revealed that simple ionic liquids suchBsNBr acetophenone furnished the corresponding stilbenes in excel-
give significantly improved results for this reaction. lonic lent yields (88-99%) in the presence of catalygtor 3.
liquids are considered “green solvents” due to their high 4-Chlorobenzotrifluoride gives the desired product in-84
boiling point, low vapor pressure at elevated temperature, 86% vyield. Interestingly, the reaction of nonactivated aryl
and their possible use for extended réth$etraalkylammo- chlorides, e.g., chlorobenzene and 4-chlorotoluene, proceeds
nium salts are the most advantageous ionic liquids due towith moderate to good yield (67—72%). These reactions
their low price and availability. Hence, all further reactions constitute one of the successful examples of Heck reactions
were conducted iMBusNBr, which becomes a liquid at of nonactivated chloroarenes with styrene in the presence
reaction temperature. of palladium carbene complexes. The Heck reaction of aryl
The three defined monocarbene compleXes3 were chlorides was extended to 2-ethylhexyl acrylate in the
compared in the Heck reaction of both activated and presence of2 and 3 as catalysts. Again, activated aryl
nonactivated chlorobenzenes with styreneBo,NBr at 140 chlorides (4-chloronitrobenzene, 2-chlorobenzonitrile, 4-
°C. Complex1 was found to be thermally unstable and chloroacetophenone) provide the corresponding cinnamic
decomposed to palladium black during the catalysis. No esters in excellent yields (97—99%), while 4-chlorobenzo-
decomposition was noticed with complex2and3 during trifluoride yields 90% of the desired product. Chlorobenzene
— : and 4-chlorotoluene gave lower yields, 40 and 32%, respec-
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